1: Introduction
To save energy and money households may be encouraged to time their energydemanding activities, like washing and drying clothes, for sunny days. Using sunlight to dry clothes may seem like nothing new, but microgeneration technologies, such as photovoltaic panels, are transforming our modern energy system; changing not just when and where energy is used, but who produces it. Indeed, microgneration enables traditional energy consumers (e.g. households, communities, and organisations) to fulfil some of the same roles as traditional energy producers (e.g. power plants, the 'big six' in the UK). Thus, altering the fundamental geography of energy networks, blurring previously fixed distinctions between consumers and producers, sites of energy production and of use, and the relationship between supply and demand in general.
Microgeneration has become an important part of energy strategies for many governments because it has the potential to simultaneously lower carbon emissions, reduce the need for new generation and infrastructures by generating energy where it is used, and decrease energy costs to householders by adding to the diversity of the energy supply (Staffell et al., 2015) . Therefore, microgeneration has the potential to play a substantial part in addressing major energy policy issues of climate change, energy security and affordability. In academic and grey literature, the term 'prosumption' has become popular to refer to these new relationships microgeneration technologies enable -or when a consumer is also a producer of their own energy. Yet, to date, these references to 'energy prosumption' currently overlook the extensive scholarship and conceptual foundation offered by prosumption and related concepts. Thus, this paper brings the wealth of literature on prosumption into the energy context and reflects upon how being involved in production may influence consumption, and vice versa.
To do so, this paper draws on data from in-depth interviews and ethnography undertaken in Scotland, UK, in 2014. In this paper, Scotland and the UK thus serve as an example of how energy prosumption is being implemented; however, these discussions are broadly of relevance to other nations. While communities and organisations are also transforming the energy system by becoming energy prosumers, our study explores prosumption at the household scale considering that this is a key sector in energy policy and research, accounting for a quarter of energy demand globally (Staffell et al., 2015) . The paper begins by providing an overview of prosumption and explores the idea of energy prosumption. In section 3, we present our methodological framework and move on in section 4 to present our results. Section 5 frames our findings within the context of existing scholarship and then we draw our paper to a conclusion in section 6, airing some future priorities for research in relation to energy prosumption.
2: Understanding prosumption

Prosumption Scholarship
Prosumption is a combination of two words: production and consumption, which can be traced back to social theorist Alvin Toffler in his book The Third Wave (1980) . Prosumption emerged as a concept at a time when consumers were beginning to be more proactive and take over steps traditionally thought of as 'production', for instance, collecting their own goods in a supermarket, do-it-yourself home improvements, and building self-assembly furniture. At the time, Toffler predicted a role for prosumption due to demand for 'de-massification' with self-customization eclipsing mass industrialisation of consumption, made possible by rapid advances in technology; in essence, a shift from volume to value. However, the conceptualisation of prosumption had largely been ignored by social science until recent years when its use for conceptualising the growth in user-generated online content or open-source computing (e.g. Web 2.0) (Beer and Burrows 2010, Denergi-Knott and Zwick 2012) , has brought it back to the fore (Ritzer et al., 2010 (Ritzer et al., , 2012 .
Prosumption has emerged at a time when scholars have increasingly been concerned with ideas of co-creation, co-production, co-provisioning (Chappells 2008, Chappells and Shove 2000) , crowd sourcing and citizen science, concepts apparently similar since they all imply some greater sense of participation, and yet are different from prosumption (Dodge and Kitchin 2013) . Like many of these related concepts, prosumption is considered a 'process rather than a single act' (Xie et al. 2008, p. 10) . Prosumption can also allude to the emergence of prosumers (Kotler 2010) , although those guided by social practice theories (Shove, 2003; Shove 2010) would give priority to the practice and critique focus on the practitioner or prosumer. Given this ontology, in the following paragraphs not only do we explore prosumption, but we also reflect upon the concept of co-provision, advocated by social practice theorists (Chappells et al. 2003 , Van Vliet et al. 2005 , and we explore the ways in which prosumption might build on such scholarship.
Scholars have long questioned whether production and consumption can or should be thought of as independent constructs since one is always and necessarily contingent on the other. Since the publication of Das Kapital (Marx 1867) , the nature of the relationship between production and consumption has been hotly debated across many academic disciplines. Humphreys and Grayson (2008) highlight that consumers are themselves co-creators of value since before a product can be enjoyed, work is required (in their example a consumer still needs to charge, personalise and answer a mobile phone when it rings), ensuring that the consumer is complicit in the production of goods. Similarly, Ritzer (2014b) has argued that consumption is in fact a productive process because the consumer's identity and sense of self is constantly being produced and reproduced through consumption. Accordingly, consumption is never productionfree, and production and consumption are mutually inclusive, not exclusive. Unsurprisingly, advocates of prosumption argue that the theoretical separation of production from consumption is a false binary and that the "focus should always have been on the prosumer" (Ritzer and Jurgenson, 2010 p. 17 , emphasis added). Ritzer et al. (2012) , and subsequently Ritzer (2014b) , argue that the theoretical prioritisation of production over consumption (and vice versa) has shifted over time in relation to, for instance, processes of industrialisation (e.g. the increase and decrease in assembly line production). Accordingly, such prioritisation could be said to be temporally specific, indeed it is in recent decades, as a decline in traditional production (i.e. assembly line) has emerged, that the practice and theorisation of prosumption has become more prevalent. Yet, prosumption is not always possible and as Kotler (2010) reminds us, there are several forces attempting to inhibit prosumption. These include: that threatened interest groups may use the law to prevent people from producing certain goods and services themselves; that mass producers will seek to retain the structure of mass consumption by continuing to promote the hedonistic lifestyle; and, that few people will opt or be able to engage in 100% prosumption. Recent scholarship has, for instance, shed light on the more controversial elements of prosumption, including issues of exploitation (Comor 2010, Denegri-Knott and Zwick 2012) and protest (Earl 2013) , suggesting that romanticised ideals of prosumption may be misplaced. The way in which power is experienced and implicated in relation to prosumption has therefore not been satisfactorily resolved. Nevertheless, the concept of prosumption offers great potential as a device to reveal the complexity of energy production and consumption relations.
Energy prosumption
In the case of energy, there has been evidence of an academic interest in prosumption and the energy prosumer (Burger and Weinmann 2014 , Grijalva and Tariq 2011 , Kesting and Bliek 2012 , Pillai et al. 2014 , Schleicher-Tappeser 2012 . However, these studies lack an appreciation for the wider meanings and ideas underpinning the concept of prosumption. For example, whilst Schleicher-Tappeser (2012) and Kesting and Bliek (2012) write on energy prosumers, both stop short of fully conceptualising the meaning of prosumer (using only a footnote briefly acknowledging Toffler (1980) ). Existing research on the energy prosumer can be characterised as having been limited largely to electricity prosumption from solar photovoltaic (PV) panels (Burger and Weinmann 2014 , Kesting and Bliek 2012 , Pillai et al. 2014 , Schleicher-Tappeser 2012 and the development of smart grids. Instead we suggest that energy prosumption may be understood more broadly and not simply in electricity prosumption, but is equally applicable in the context of heat, and across all elements of the energy system (Chappells and Shove 2000, Van Vliet et al. 2012 ). For example, there exists literature on wood-burning stoves and other forms of domestic wood combustion (Devine-Wright et al., 2014; Peterson, 2008; Reeve et al., 2013) , which is not conceptualised as prosumption, but is complimentary to these debates.
Indeed, there is a considerable amount of energy research, which does not explicitly adopt the term 'prosumption' or 'prosumer' yet is relevant to developing the concept of energy prosumption. Most notably, microgeneration and distributed generation. The edited collection on Domestic Microgeneration (Staffell et al., 2015) is the first in-depth work that provides detailed reviews of ten microgeneration technologies and discusses them within a wider social, economic and political context. 'Microgeneration' refers to a diverse set of technologies which have marked differences in cost-effectiveness, suitability, output, and maturity (Staffell et al., 2015) ; understanding the particular characteristics and potentials of each technology should not be overlooked. The literature on microgeneration also highlights two areas that could be tightened up in conceptualising prosumption. Firstly, 'energy' and 'electricity' are often conflated, even though only a third of energy used in developed countries is supplied as electricity; whereas, heating is the main reason for domestic energy consumption in almost every country (Staffell et al., 2015) . Thus, more explicit attention to what is being prosumed (e.g. heat, electricity or hot water) and how these demands relate to the wider energy system could be significant (e.g. justification for more research on heating technologies). Secondly, the term 'microgeneration' has loosely been adopted to refer to technologies that produce heat or electricity at the point where it will be used (Balcombe et al., 2014; Juntenen and Hyysalo, 2015) ; some of these technologies are highly efficient and use less fuel (e.g. heat pumps, combined heat and power) and others rely on a renewable energy source (e.g. solar thermal panels, PV panels, wind turbines, biomass boiler or stoves) (Staffell et al., 2015) . Begging the question as to why certain energy practices are categorised as microgeneration. For instance, a heat pump is essentially an efficient electric heater so why are other efficiency improvements in heating systems not classified as microgeneration? Furthermore, given that a large proportion of the world's non-privileged population uses wood for cooking and heating (Staffell et al., 2015) , the inclusion of biomass boilers critically overlooks how socioeconomic conditions allow certain energy practices to be categorised as microgeneration, and not others. Scholars interested in energy prosumption therefore have an opportunity to develop a more robust conceptualisation of the relationship between energy consumption and energy production as they converge in new ways.
Another complimentary area of literature comes from the concept of co-provision (Chappells and Shove 2000 , Sauter and Watson 2007 , Van Vliet et al. 2005 , Watson 2004 , Walker and Cass 2007 which has been developed to demonstrate how infrastructures shape consumption, suggesting that "different goods and services have specific characteristics which shape the ways in which they are consumed" (Chappells and Shove 2000, p. 8.41 ). This socio-technical perspective is a fundamental part of coprovision (as conceptualised by Van Vliet et al. 2005 ), yet is missing from prosumption scholarship and suggests a significant potential in developing the idea of prosumption further. The concept of co-provision thus offers a significant contribution to understanding the blurring boundary between energy producers and consumers. Certainly, it is our ambition to introduce many of the insights from the more theoretically robust conceptualisation of energy co-provision to inform energy prosumption research which, as we already suggested, has adopted the term with little consideration for its history.
Despite a greater conceptual development of co-provision in the context of energy up to this point, we argue that energy prosumption has been a more popular term to refer to exploring the implications of increasing microgeneration in both grey and academic literature; thus, ignoring prosumption (for co-provision) misses an opportunity to engage with, and inform, this research community. Furthermore, prosumption scholarship gives attention to issues of (in)justice and power, which social practitioners recognise to be limited in their own approach (Walker, 2013; Welch, 2015) . For instance, prosumption scholars debate to what extent engaging in prosumption is empowering or exploiting for traditional consumers (Humphreys and Grayson 2008, Ritzer 2014) . Moreover, some would suggest that prosumption is a way of producing and consuming goods or services that is different from dominant models of consumer culture predicated on mass production for mass consumption and thus has the potential to radically modify political, cultural and economic structures (Toffler 1980, Ritzer and Jurgenson 2010) . While the potential for prosumption to be a revolutionary institution is debateable (Conor 2010), at the very least prosumption has the potential to alter the use (e.g. directly satisfies wants and needs, oriented towards object) and exchange values (e.g. the 'socially recognised universal equivalent of money,' oriented towards others) of a product (Humphrey and Grayson 2008) . The aim of creating exchange value is so that the product can be sold to others; whereas, use value can be created through enjoying the outcome and/or taking part in the process of production (Ibid 2008). Energy prosumption then does not necessarily alter the exchange value, but has potential to create new patterns of demand through changing a product's use value (which could also be of interest in marketing microgeneration technologies). For example, a householder's sense of satisfaction from having a bath on a sunny day and knowing the hot water was produced on their roof is not captured simply in the monetary savings from not using their boiler on that day. Humphrey and Grayson (2008) suggest that there is critical potential in challenging existing social values through prosumption's ability to (re)create use values. This distinction between use and exchange values complements the critique of mainstream energy policy and research framing householders uptake of energy saving technologies being purely motivated by money saving or environmental concern (Aune, 2007; Walker et al., 2015) .
What the preceding paragraphs have therefore attempted to do is indicate the boundaries of the concept of prosumption and its use in relation to community and domestic energy. It has highlighted areas of consensus and disagreement in the literature as well as identifying some important research gaps, specifically investigation of (1) whether/how living with a microgeneration technology may influence everyday life and hence energy consumption, (2) the process of choosing and installing microgeneration technologies, and (3) how experiences and motivations vary due to the diversity of microgeneration technologies. These are areas we have sought to explore in our own research, the details of which now follow.
3: Methodology
The research design was entirely qualitative, involving in-depth semi-structured household interviews in the homes of energy prosumers in two communities within Scotland; Fintry and northeast Fife. There are four reasons for focusing on rural areas. Firstly, these communities were identified because they are partly or wholly off the gas mains, which made them areas where increasing energy prosumption is both likely and appropriate. In rural areas not connected to gas mains, microgeneration can play a role in addressing issues of fuel poverty and affordability. Furthermore, domestic microgeneration may be more suited to rural areas (e.g. air flow not affected by other buildings for wind turbines, more likely to have garden space needed for installing ground source heat pumps) where other renewable production options are less easily shared (e.g. district heating, combined heat and power for a block of flats). Finally, switching from gas to a heat microgeneration technology is a substantial cost hurdle (Connor et al., 2014) .
Moreover, in both Fintry and north-east Fife there were locals who had set up energy advice centres (e.g. Fintry Development Trust and St Andrews Energy Network) and these organisations helped us recruit householders who they knew had installed microgeneration technologies. Recruitment began with the help of these energy advisors and snowballed as households that participated often knew other households with microgeneration technologies. Whilst we recognised that there exists a broad continuum of energy prosumption activities (e.g. installing low-energy light bulbs is consumer activity that influences demand and thus production) (Ritzer, 2010; Van Vliet et al, 2000) , our research sought to explore a particular manifestation of prosumptionwhen a household is simultaneously a producer and consumer of their heat and/or electricity via microgeneration. Our results present analysis of householder's responses to "why did you get this system?" and "do you think the way you have used energy has changed?". Interviews also involved a house tour, enabling us to observe and speak about how microgeneration technologies are physically incorporated into the home and everyday practices. A deductive approach was taken towards analysis to extract emergent themes to understand energy prosumption. Specifically, we were interested in the experience of living with a microgeneration technology, the process to become a prosumer, and the way in which this varied in accordance with the technology installed.
In total there were 28 interviews with 58 householders and each interview was recorded and transcribed. In practice it proved easier to gain access to some microgeneration technologies than others, as reflected in the varying totals across Table  1 (households were counted multiple times if they had multiple technologies). This also highlights the different support for and maturity of each technology, which we reflect on in the next section. For reasons of confidentiality all interviewees have been given pseudonyms. 
4: Results
Stressing the limitations of generalising about prosumption and treating all types of microgeneration as homogeneous, we organise our results around what is being prosumed, heat (4.1) or electricity (4.2), and consider each technology in turn. It is important to draw a distinction between electricity and heat prosumption. Electricity is more versatile, partly because it can be sold back to the grid, and has been the focus of government's incentives schemes (Connor et al., 2015) . However, heating is the single biggest use of energy in the UK and cannot be overlooked in strategies to meet legally binding renewable and carbon emission targets (Chaudry et al., 2015) . The microgeneration technologies are ordered according to the number of households in our sample with each technology (Table 1) , making it clear to the reader the amount of empirical data we base our results on and enabling us to compare the popularity of some technologies in our sample to national figures. We aim to contribute to a more nuanced conceptualisation of energy prosumption and this also enables us to maintain a holistic perspective, considering the general differences between prosumption of heat and electricity, as well as exploring the more particular issues or strengths related to a specific microgeneration technology.
Heat prosumption
Admittedly heat prosumption makes up a tiny percentage of overall energy consumed in UK homes, in 2013 only about 2.8 percent of heat was generated from renewables (DECC, 2014b) . Furthermore, the focus on generating electricity means that only around 15 percent of all renewables were used to generate heat in 2013 (Ibid, 2014b) . Of this, domestic use of wood is the main contributor (roughly 35 percent) and heat pumps contributed another 5 percent (the rest being mainly from non-domestic use of biomass and wood); our sample reflects this with wood-burning stoves being the most common microgeneration technology.
The UK's domestic Renewable Heat Incentive (hereafter RHI) is novel in a global context because it is the first scheme to subsidise heat microgeneration, operating like a FiTs and replacing grant schemes -the common funding mechanism for renewable heat (Connor et al., 2015) . While originally introduced into UK legislation in the 2008 Energy Act, the RHI did not start until April 2014, resulting in confusion and uncertainty for both industry and householders (Ibid, 2015) . This delay was attributed to the complexity of designing support for large-scale uptake of renewable heating microgeneration, (unexpected) changes to the renewable energy policy made by the Coalition Government elected in 2010 (Connor et al., 2015) , and the cheap gas supply in the UK (Chaudry et al., 2015) . This confusion is reflected in the UK Government's data on the uptake of the RHI, which suggests that a large number of applications in the first year were refused due to householder's misunderstandings regarding the application process and metering requirements (DECC, 2014b) . Moreover, in 2014 the vast majority (86%) of accredited installations were in place before the scheme launched and retrospectively applied for (Ibid, 2014b) , indicating that this new system of funding may not be the main motivation for householder's choosing to install microgeneration for heating. Our study is timely because it offers some insights into other considerations influencing householder's uptake. At the point of writing, there have been no other empirical studies investigating householder's experience with the RHI in the UK, although other research has emphasised financial factors, trustworthy information, and fears of influencing home resale values as important concerns for investing in microgeneration technologies (Balcombe et al., 2014) .
All of our households had installed their microgeneration heating systems before April 2014 and thus were planning to apply retrospectively for the RHI, had received a oneoff grant under the interim funding scheme, or (a few) did not even know that there was funding that they were eligible for. Even though interviews occurred in summer 2014, none of our households had completed their applications and there was a common complaint that the whole process was unclear, cumbersome and "intensely tedious" (m1, hE). After installing a solar thermal panel, one householder said that the company promised to "'get in touch when it is up and running' and at that stage it [the RHI] was imminent, and that was four years ago" (m1, h10). Furthermore, some householders were keenly aware of the continued delay of the RHI, one commented that he felt "conned into going for it" (m1, h21) because they had been waiting so long for the RHI to actually start. All our households could speak extensively about the huge amount of research that went into choosing a heating technology (e.g. suitability, finding a reliable installer, affordability and understanding funding options, Energy Performance Certificates) and at least one person in the household had to be quite proactive in order to make this shift from a conventional heating option. Certainly, the role of energy advisors, characterised by participants, as independent and reliable support was a catalyst for investing in heating microgeneration. This is a point we return to again in section 4.2 because more households mentioned their experiences with scams, cowboy builders, and installers going out of business in relation to electricity generating technologies. Whereas, heating microgeneration technologies are much newer and less common so any advice was valued because householders often explained that they were "making all of these decisions on the hoof as best [they] could on systems that were untried and untested or in very early stages of being used" (m1, h21).
The monetary cost, both installation and operating costs, was undoubtedly an important factor in householder's decision to invest in heating microgeneration, and several of our households mentioned that their energy bills had roughly halved since switching to biomass boilers or heat pumps (hI, hH, hF) . This is not an insignificant saving considering that the conventional heating options for these households (e.g. electric storage heaters, oil or gas canisters) are relatively expensive compared to households on the gas mains and several participants quoted annual energy bills, before switching, as being over £4,000 (average dual fuel bill is roughly £1,344 nationally; DECC, 2015c). Thus, several households suggested that even without the RHI or one-off grants they probably would have put these technologies in because it made heating their homes affordable. Unsurprisingly, this was not a claim made by all households. For example, two participants that had wanted heat pumps, and had not installed them, said it was because heat pumps were too expensive. Moreover, the heat pump itself may have been affordable, but the other energy efficiency improvements were not. Snape et al. (2015: 34) identifies this as the "hassle factor", having to make energy efficiency improvements or changing radiators before qualifying for the RHI and suggests that this is largely why uptake for the RHI has been lower than expected.
However, whilst householder's justification of their decisions often related back to financial considerations, Gram-Hannsen (2014) demonstrates that this is generally a retrospective justification and decisions to retrofit homes are much more complicated. This is part of why understanding the way each technology 'fits' into existing homes and lifestyle expectations is so necessary. For instance, heat pumps may be desirable to some householders because they are similar to conventional heating systems compared to biomass boilers which require regular loading of pellets-this may be useful for marketing or explaining the success (or not) of some technologies. Subsequently, the rest of the section focuses in on the experiences of living with each heating microgeneration technology.
Wood-burning stoves and range units
In our research, we found that wood-burning or multi-fuel stoves and range units require work in order to produce heat: starting a fire is undoubtedly more work than flipping a switch to turn on central heating. In some cases, this form of prosumption required householders to devote significant effort to heat their home. Chain-sawing, chopping, stacking, and drying wood, as well as dealing with the disposal of ash, were common in many of the wood-burning households we interviewed. Some of these practices were undertaken routinely, if not daily. For the majority of participants being part of the production process was described with a sense of satisfaction:
I like practically, physically making [the fire] happen, that is really satisfying" f1, h18
Therefore, engaging in the process of wood-burning is an example of how being involved in production adds value to the act of consumption (e.g. use value), which is not simply related to financial considerations or savings (e.g. exchange value). Another part of this work included regulating heat output or 'topping up' the stove or range unit:
"I can finely control [the Rayburn]. If I want it very hot, I can open things up and it will boost the heat, it will take maybe half an hour, 40 minutes, because that is how long it takes" m1, h11
This is important because taking part in producing heat could in turn influence householders' expectations around how their home was heated (e.g. not expecting instantaneous shifts in indoor temperature, wearing their coat when first getting home). Similarly, many of our other participants often used their stove or range unit as a 'roomheater', instead of heating the whole house through the central heating system, they confined the demand for heat to a smaller part of the house. For example, this was a major benefit Emma attributed to having a wood-burning stove in their living room:
"If we didn't have [the wood-burning stove] and we didn't, you know in the winter, come and sit in this room at night, then our cost for this house would be massive, wouldn't it, to leave the heating on" f1, h4
Hence wood-burning prosumption simultaneously changes or shapes the nature of both production of heat and the wider routines of householders. The idea of householders not needing to heat all the rooms in the home or accepting the variability in indoor temperatures, suggests a form of prosumption that involves not only a high degree of effort, but also shows how energy production and consumption are interdependent. Wood-burning therefore is a prime example of the utility of adopting a prosumption lens because the extra involvement in production required by householders added value to their heating practices and furthermore has the potential to make householders reflexive of their heat consuming practices.
Solar thermal panels
Living with solar thermal panels (for hot water) has potential for householders to be active or engaged consumers and take advantage of using their own energy production. However, while several households suggested that "a hot bath that has been solar heated is even more pleasurable than a normal hot bath" (m1, h10) there was less discussion about shifting bathing or hot water-consuming practices in relation to when solar thermal panels were producing. For the most part, production was not capitalised upon because it did not fit with particular expectations or daily rhythms (i.e. timing of bathing and showering practices). Mainly, solar thermal households spoke about the seasonal fluctuation of this technology and getting nearly all of their hot water in the summer from their own energy production. Again, this is an example of production not fitting with demand and Mary explained that this actually led to "decadent" use of their excess hot water:
"In the hot, hot sunny days we have excess hot water because it is boiling all day […] because it's free, you don't even want a bath on days like that, so [the kids] have a hot paddling pool out in the garden or the sprinkler spraying hot water" f1, h18
Whilst solar thermal panels clearly added to householder's enjoyment of consuming hot water (e.g. use value), for the most part this form of prosumption did not lead householders to reduce or shift their hot water consuming practice. Solar thermal panels lead to a 'use it or lose it' mentality and Mary's anecdote highlights the potential for solar thermal panels to actually increase consumption.
Ground and air source heat pumps
Heat pumps function sufficiently like 'normal' central heating systems, making them desirable to many households because they require no routine or daily interaction to produce heat and costed less to run than conventional heating. Householders did not feel that they needed to be conscious of their energy demand because savings were achieved by the technology itself. Kate articulated this when she explained that their ground source heat pump uses the same amount of electricity to heat their whole house as an electric fire normally demands.
"That [heat] pump uses 1.8Kws per hour and it heats our entire house and gives us all the hot water that we want and that is just a two bar electric fire" f1, h19
Heat pumps are generally controlled through a thermostat to mimic conventional central heating, meaning that after the initial effort of installation householders are not actively involved in production. Many participants stressed that they "loved" living with this technology and commented on enjoying a warmer house, with a more consistent temperature "all the time" (h19, h21). The heat pump then altered households' experience of comfort in the home but did not make householders reflective of their heating practices or add value through involvement in producing their own heat.
Biomass boilers
Biomass boilers require regular loading of pellets, even for automated feed systems, requiring relatively more engagement in production. The level of effort required in production will vary between different models and types of biomass boiler, with some, but not all, requiring daily loading and weekly cleaning in the winter. Furthermore, involvement in production may not be the same for all household members. Harry did not seem to mind loading pellets a few times a week and his wife Sarah also knew how to work the biomass boiler, but she in particular wished they could have a bulk feeding system so "that would save [her] having to constantly empty bags of pellets" (f1, h5). While biomass is a form of burning wood there was less emphasis on the satisfaction of being involved in production, as loading pellets requires less effort than wood harvesting or managing a fire. Nevertheless, Rhona did mention that loading pellets add value because it made her feel more connected to the energy her family was consuming:
"It is quite a physical thing to do and I quite like that because it is about connecting with the energy that you are using, because you physically pick up the energy and you pour it in" f1, h14
However, for the most part, biomass boilers were similar to heat pumps in the sense that they both fit into expectations of "normal" central heating systems and did not generally lead householders to reflect on their heat consuming practices.
Electricity prosumption
In comparison to heating prosumption, the contribution of renewables to electricity generation is considerable, accounting for 17.8 percent of electricity consumed in the UK in 2014 (DECC, 2014b) . Only about 4 percent of renewable electricity comes from PV panels, which is mainly at a domestic scale (98%), and over half is from wind (majority being large-scale with very little domestic generation) (DECC, 2014b).
Unlike the novelty of the UK's funding scheme for heating prosumption (i.e. the RHI), FiTs are widely recognised to have driven growth in electricity microgeneration globally, especially the widespread success of PV panels which are nearing costcompetitiveness and grid-parity (i.e. in some countries PV can be installed without subsidies and the electricity generated is (soon to be) less than or equal to the price of purchasing from the electricity grid) (Brandon, 2015; Jardine, 2015; Smith et al., 2014) . For instance in the UK, the FiTs for electricity microgeneration started in April 2010 and in the first 5 years there has been over 680,000 PV installations, this is significantly ahead of original projections for 750,000 installations by 2020 (DECC, 2015b). Furthermore, the overall costs of PV in the UK have come down dramatically since the FiTs was introduced, before a 4kWp installation cost £12,500 and in July 2015 a typical 4kWp system would cost £5,600 (Anderson, 2015; Jardine, 2015) . Due to this high uptake and a dramatic reduction in the costs of PV installations, the FiTs was reduced (due to an unscheduled review instigated by the new Coalition Government (Smith et al., 2014) ) and many of our participants commented on their delight (or not) in getting in on the initial rate:
"I got one of the early ones; I get the 43 something pence [Feed-In Tariff] . But of course, I suppose you could say I had to trade that for panels these days which might be cheaper to install and maybe more efficient" f1, h17
Nonetheless, nearly all of our households explained their decision to install PV was because it was a safe investment with little hassle and "the only research is to get the price and to see what you can afford" (f1, h17). Certainly, our sample reflects the relative popularity of PV as two-thirds of our households had this microgeneration technology.
Whereas, domestic (pole-mounted) wind turbines are less common, more expensive than PV and their installation cost has not been dramatically driven down since introduction of the FiTs; in 2014 a typical 2.5 or 6 kW system costs between £10,000 and £30,000 (EST, 2014c). While wind turbines are meant to payback in roughly 14 years (Infield and Staffell, 2015) , the experience of our householders suggested that there was more risk and uncertainty in installing wind turbines as maintenance costs are considerable, making warranties and installers staying in business more of a concern. While PV has no moving parts and essentially no maintenance costs (Jardine, 2015) , there is relatively less known about the long-term durability and performance of domestic wind turbines (Infield and Staffell, 2015) and three of our four households with wind turbines complained about high annual maintenance costs (e.g. £200-300) and replacement parts cutting into their payback time scale (h10, h19, hG). Thus, for the most part our participants that invested in wind turbines were less motivated by financial considerations; Ron explains that "it was partly a business decision but it was very much driven by an ethical and philosophical commitment […] There is so much wind blowing past the site that not to harness a percentage of it just feels like a waste. It feels inefficient not to have it" (m1, h10). However, all of our wind turbine households had also installed PV panels and spoke more favourably about that investment (e.g. rate of return, no maintenance issues).
In comparison to installing heating microgeneration technologies, energy advisors support on PV was less important. PV panels are relatively mature and established with many experienced installers (Jardine, 2015) and our participants suggested it was more a matter of "shopping around" for a reliable installer than debating the suitability of the microgeneration technology. However, there was some mention of 'cowboy' installers (e.g. overpriced and sub-standard quality) and even scams, so householders often stressed the need to be savvy when investigating their options:
"It has been a bit Wild West, the whole renewables thing. It is like any new sector that opens up, you get the cowboys" m1, h10
Therefore, while choosing a heating microgeneration technology involved many more considerations (e.g. suitability to building fabric and radiators, level of 'effort' involved in production, cost, disruption during installation), choosing PV was a relatively simple and safe investment, being a relatively mature technology due to the FiTs and is also less disruptive (e.g. external installation on roof that generally requires no extra refurbishment). Nonetheless, the visibility of energy (through meters) and its effect on consumption is something that has been a focus of domestic energy research (Darby 2010 , Hargreaves et al. 2010 and part of householder's generating their own electricity is the potential for this to influence their electricity demand. Subsequently, the rest of section 4.2 reflects on how living with each electricity microgeneration technology may reduce demand.
Photovoltaic panels
Many households with PV panels described having a routine for running their appliances, including waiting to hoover and run the washing machine or dishwasher on a sunny day to maximise use of the energy they generated. Jonathon explained seeing how much electricity they produced led him and his wife to shift their use of electricity:
"You just get a better feel for what your energy consumption is. In our view, it then becomes almost like a game" m1, h9
By describing the process of consuming electricity as "a game" this suggests that having PV panels can add enjoyment (e.g. use value), that is not simply dependent on financial savings (e.g. exchange value). However, previous studies on householders with PV panels found that in some cases, having PV panels led to an increase in electricity consumption because it was 'free' (Abi-Ghanem and Haggett, 2011; Baborska-Narozny et al., 2016; Strengers, 2013) . Similarly, whilst our participants generally made some effort to shift their electricity consuming practices to when their PV panels were producing, they were not necessarily trying to reduce overall consumption. This raises issues over the perceived 'goal' of microgeneration or prosumption, which we reflect on in section 5, whether it is to reduce carbon emissions or overall energy consumption, or even to address issues of affordability or energy security. Thus, PV panels have the potential to add value to householder's experiences of consuming electricity and to shift electricity-demanding practices. However, this potential will not necessarily be realised as householders can still benefit financially from installing PV panels without making efforts to be actively involved in production or altering their consumption.
Wind turbines
Our wind turbine households commented upon the difficulty of matching their electricity demand to their production. Ron explained that he had hoped his family would alter their lifestyles to maximise on the "free power" from their two wind turbines but that this did not happen in reality. For example, while Ron mentions encouraging his wife to use the tumble dryer when it is windy he emphasised that these sorts of changes did not fit with other aspects of daily life: Clearly the issue here is not one of awareness, education or motivation, but the rhythm of everyday life and the way in which this is organised (e.g. being out at work during the day). Another wind turbine participant made a similar example suggesting that it would be ridiculous to not watch television because there is no wind, "there is more to life than that " (m1, h19) . In some cases then, being closer to production is not sufficient to encourage a shift in consumption. Furthermore, considering that all of our participants complained about the high maintenance costs for their wind turbines and unexpected issues (e.g. blades and bolts being damaged), living with this microgeneration technology did not necessarily add to their sense of satisfaction when consuming electricity. Certainly, wind turbines are not praised for their suitability to a domestic scale (Staffell et al., 2015) , nor were our participant's experience encouraging.
5: Discussion
Our review of literature on prosumption, microgeneration and co-provision indicated three areas deserving greater consideration in research of the blurring boundaries between energy producers and consumers.
Firstly was the need to attend to the conflation between energy and electricity, which has trivialised the significant energy demand from heating. We argue that heating technologies, which have not come under the term 'energy prosumption' in academic literature to date, not be overlooked in subsequent scholarship. For instance, our study presented results on the experience of householders with both electricity and heat microgeneration technologies. Importantly, our study is the first of its kind to report on householder's perception of the newly introduced RHI (April 2015) . Similarly to studies on support mechanisms for electricity microgeneration (Smith et al., 2014) , we found that a sense of risk and uncertainty around government funding may have a greater influence than the funding mechanism itself (e.g. grants, loans, pay for heat production) (Chaudry et al., 2015; Connor et al., 2015) ; considering that the majority of our households were applying retrospectively and complaints about the delay and misinformation about when the RHI would begin was common. In comparison to choosing to invest in electricity microgeneration, householders stressed the lack of maturity of heating technologies and subsequently local energy advice and impartial support was integral to inform their decision to choose an appropriate technology (e.g. advice is also needed because changing the heating system is generally more disruptive and complex than the installation of PV panels and wind turbines which are largely external). It was clear that the challenge of increasing energy prosumption is arguably at least as much institutional as technical; creating a sense of stability and support around (heating) microgeneration technologies (i.e. avoiding U-turn policy changes following a majority political party change) is essential to increasing energy prosumption. Nevertheless, it remains that energy prosumption should be a term which encompasses both heat and electricity prosumption.
Secondly, we have sought to acknowledge the diversity of microgeneration technologies and therefore to not generalise the process or experience of energy prosumption. Thus, our study presented results individually on six microgeneration technologies. We were interested in the extent to which being involved in energy production influenced prosumers' energy consumption and we found that this varied considerably by the microgeneration technology. Wood-burning stoves and PV panels appeared to offer the greatest potential to use value, giving householders an added sense of satisfaction by being involved in production or shifting their heat and electricity-demanding practices. Whilst the emptying of pellets into biomass boilers may have a similar effect, for the most part biomass, solar thermal panels, and heat pumps did not lead householders to re-evaluate their consumption; either the technology functioned sufficiently like normal (e.g. thermostatically controlled central heating) or it was too much effort to capitalise on the timing of production (e.g. too much hot water in the summer or no hot water in the morning). Moreover, not only did wind turbine households make little to no effort to shift their electricity-consuming practices when windy (e.g. using the tumble dryer or hoover), these participants were sceptical of the suitability of this technology to domestic scale production. This serves to highlight the importance of not generalising the suitability of prosumption because the 'best' technology will depend on the context and scale. For instance, our study suggested that wind turbines are inappropriate at a domestic scale (e.g. cost of installation and maintenance); nonetheless, wind turbines produce the majority of electricity from renewables in the UK (DECC, 2014b) and suit production at a larger scale or by other prosumers (e.g. farmers or community groups). Indeed, householders are not the only energy prosumers and this is an exciting time for small businesses and communities as the decreasing costs and increasing distribution of microgeneration technologies enable consumers to alter their involvement in energy systems.
Finally, we aimed to explore the implications of the main argument that prosumption scholarship offers to energy researchers, which is that production and consumption are inextricably linked (Ritzer, 2014a (Ritzer, , 2014b . The majority of microgeneration research is symptomatic of energy research in general, being dominated by building and engineering scientists and a techno-economic framing of change (Strengers, 2013) . Prosumption was originally portrayed in revolutionary terms (Toffler, 1980) , reflecting on the politics of mass production for mass consumption; thus in the context of energy, the term 'prosumption' may be used to signal a more radical vision of the goal of increasing microgeneration as a way to shift power back into the hands of everyday people and challenge the hedonistic lifestyle (Kotler, 2010) . This agenda in prosumption scholarship compliments a common critique made by domestic energy researchers (Ellsworth-Krebs et al., 2015; Reid and Houston, 2013) arguing that technical interventions, like microgeneration technologies, fail to engage with social considerations and the way in which consumption is created. However, even within prosumption scholarship there is debate over the extent to which consumers taking over (more of) production, and thereby becoming more conscious of their consumption, actually challenges consumer culture (e.g. encouraging creativity and self-sufficiency that liberates humanity to see beyond commodity-framed relationships; Toffler, 1980) or simply becomes another means of marketing with the effect of increasing consumption rather than reducing it (e.g. 'doing your bit') (Comor, 2011) . Understanding the potential that an increase in microgeneration has on reducing energy consumption is much more complex than improving the efficiency and uptake of these technologies. As our and multiple other studies on microgeneration have also found (Abi-Ghanem and Haggett, 2011; Baborska-Narozny et al., 2016; Strengers, 2013) , being an energy prosumer can lead householders to use more electricity or heat because of the perception that this energy is 'free'. Increasing microgeneration alters our energy system in subtle and unexpected ways and understanding these intricacies is what deserves further attention in energy discourses. How does microgeneration contribute to matching production to peak demand? When/where is it better to use energy at the point of production or store it (e.g. there is an add-on to PV panels to divert electricity to heating hot water when sunny, but what if this hot water is not used)? Who benefits from sending electricity 'back' to the grid? What is the relative importance of shifting energy demand as opposed to reducing demand? Certainly, this is why BaborskaNarozny et al. (2016) warn that microgeneration technologies need to be marketed not just for financial juggling of energy but genuine energy saving practices because the impact of these changing producer-consumer relationships is diverse. Hence, the concept of prosumption supports calls for more socio-technical investigation of energy demand (Hargreaves et al., 2010) .
6: Conclusion
This paper sought to offer a clearer foundation for the fledgling scholarship on the energy prosumer (Burger and Weinmann, 2014; Kesting and Bliek, 2012; Pillai et al., 2014; Schleicher-Tappeser, 2012) . We argued that energy should not be conflated with electricity, especially considering that heating makes up the majority of domestic energy demand in any country (Staffell et al., 2015) . Our study therefore included prosumers of both electricity and heat. Certainly, the funding mechanisms, support available, and our participants' experiences differed depending on whether electricity or heat was being prosumed and as a result of the particular characteristics of each microgeneration technology. In general, advice and support for heating prosumption was more important to householders' decision to become a prosumer. In part, this is because heating technologies are less established and their installation in the home is generally more complex and disruptive. The implications of becoming an energy prosumer were diverse, and at times, but not always, led to new patterns of consumption. Blurring the traditional boundary between energy supply and demand reshapes the way in which energy networks are structured and regulated.
Further, we begun to question, and encourage others to consider, whether energy prosumption is a 'techno-fix' or actually challenges consumer society (Abi-Ghanem and Haggett, 2011; Toffler, 1980) , and what the implications are for everyday life and expectations of home that may co-evolve with the introduction of microgeneration technologies (Shove, 2003; Van Vliet et al., 2000) . Ultimately, we have argued and demonstrated that there is significant value in adopting a prosumption lens to energy research. We have suggested that using the term prosumption should signal an appreciation of a socio-technical understanding of the energy system -that changes in technologies and physical infrastructures influence, and are influenced by, social conventions that shape energy-demanding activities.
By exploring the concept of prosumption in relation to microgeneration we have identified several areas in which future scholarship may offer a more critical and holistic investigation of the implications of blurring boundaries between energy production and consumption. Specifically, we argue for future reflection on power relations that impact the uptake and access to microgeneration technologies (e.g. interests and lobbying power of mass producers) (Kotler, 2010) . For instance, are lowincome households subsidising installation of PV panels? Are householders taking on government or energy companies' responsibilities? Such questions suggest that greater reflection of the context and implications of the socio-economic conditions of energy prosumers (e.g. a large proportion of the world's non-privileged population are prosumers as they use wood for cooking and heating) is required. Prosumption therefore presents energy companies, regulators, consumers, and developers with a new set of challenges, but equally with new opportunities. The concept of energy prosumption thus offers a novel framework for future microgeneration research. 
